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ABSTRACT 


Results of airborne measurements of the sizes and concentrations of 
aerosol particles, Ice nuclei, and cloud condensation nuclei that were 
taken at Kennedy Space Center, Florida are presented along with a detailed 
description of the instrumentation and measuring capabilities of the 
University of Washington airborne measuring facility (Douglas B-23) . 
Airborne measurements made at Ft. Collins, Colorado and Little Rock, 
Arkansas during the ferry of the B-23 are presented. 

The particle concentrations differed significantly between Che clean 
air over Ft. Collins and the hazy air over Little Rock and Kennedy Space 
Center. The concentrations of cloud condensation nuclei over Kennedy 
Space Center were typical of polluted eastern seaboard air. 

Three different instruments were used to measure ice nuclei: one 

used filters to collect the particles, and the others used optical and 
acoustical methods to detect ice crystals grown in portable cloud chambers. 
A comparison of the ice nucleus counts, which are in good agreement, is 
presented. 
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INTRODUCTION 


Airborne measurements of ice nuclei (IN) , cloud condensation nuclei 
(CCN) , liquid and solid aerosol particles, and cloud volumes were made 
in stabilized ground clouds (SGCs) produced by Titan III launches at 
Kennedy Space Center (KSC) on 20 August and 5 September 1977. 1 The IN 
measurements, which were the focus of the flights, were not conclusive 
because jounts from the portable counters and those using filters were 
inconsistent. It was recommended that laboratory studies of the various 
portable counters and filters be conducted to prepare them to monitor 
the SGC from the Titan III launch at KSC in March 1978. 2 The results of 
the laboratory investigations are reported by Hindman and others. 3 

The primary emphasis of the airborne measurements reported here was 
to study the ice nucleating properties of the effluents from the Titan 
III solid rocket motors. We planned to measure the structure of the SGC 
produced by the launch and the aerosol size distributions and CCN in the 
effluents. The Titan IT.I launch was plagued by repeated postponements of 
the scheduled 13 March launch. The Measurement aircraft (University of 
Washington) had other contractual obligations and had to return to Seattle 
before the launch finally cook place on 25 March (due to malfunction, the 
rocket and payload were destroyed 8 minutes after blastoff). Therefore, 
the measurements reported here were obtained in air unaffected by rocket 
effluents during project flights in the vicinity of KSC. Data obtained 
during ferry flights from Ft. Collins, Colorado to Patrick AFB, Florida 
are presented for comparison purposes. The measurements obtained at KSC 
will be useful for comparisons with measurements from future flights at 
KSC. 


AIRBORNE MEASUREMENT FACILITY 


The University of Washington Douglas B-23 is ideal for aerosol and 
cloud physics research and has been used in a wide variety of atmospheric 
research projects since 1970. It is a heavy (12,000 kg), twin-engine 
plane and can carry a crew of seven and more than 1,000 kg of equipment. 
It is an all-weather plane (equipped for instrument operations, all 
leading edges and propellers de-iced), has a service ceiling of 8,000 m, 
and has excellent maneuverability at all altitudes. At speeds between 
35 and 85 m s -1 , it provides a stable sampling platform (normal sampling 
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speed 60 m s -1 ), and its low cruising speed minimizes problems associ- 
ated with small-particle sampling. The. specialized instrumentation is 
described in the following section. 


DATA SYSTEM AND BASIC PARAMETERS 

One of the most important characteristics of the B-24 research 
system is that, despite its extent and complexity, an adequate crew can 
be carried aboard to ensure its reliable operation. Moreover, the crew 
is provided with sufficient real-time data so that project goals can be 
adjusted in-flight to take advantage of unique situations. 

Data syntheses are orchestrated by the Flight Data Engineer inter- 
acting with a minicomputer (16-bit word, 16K-word capacity coupled to 
twin, lOOK-word floppy disks). The engineer can provide the research 
crew with any recorded or computed parameter via 20 digital and electro- 
mechanical displays, a hard-copy digital printer, and a six-channel, 
high speed, strip-chart recorder. 

Data are recorded on both magnetic tape and disk media via serial 
digital, IRIG FM and direct recording. The disk record allows a detailed 
flight summary to be compiled immediately after landing at the airport 
using the small, onboard computer. 

For this mission, the aircraft was configured for both cloud physics 
and aerosol research; the Instrumentation layout is shown in Figure 1. 
Instruments for measuring basic parameters (temperature, dew point, 
pressure altitude, altitude above terrain, true airspeed, vertical 
and horizontal winds, aircraft altitude and rate of climb, turbulence 
and solar irradiance) are located primarily in the forward portion of 
the aircraft and are a permanent installation. A history of the air- 
craft flight path is provided by an x-y plotter which is driven by the 
aircraft navigational system; this provides a tracing of the aircraft 
position on a sectional map. 


AEROSOL INSTRUMENTATION 

A schematic of the layout and ducting for the aerosol instrumentation 
is shown in Figure 2. The most complex portion is the aerosol sizing 
system which consists of four instruments: 

1. The condensation nucleus counter (CNC) 

2. The electrical aerosol analyzer (EAA) 

3. Two optical particle counters (OPCs) 

The instruments, completely integrated and controlled by the onboard 
computer, provide size spectral measurements of atmospheric aerosol from 
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FIGURE 1. Plan View of Instrumentation Onboard 
the University of Washington's Douglas B-23 Air- 
craft. 


NWC TM 3667 


AUTOMATIC VALVE SEQUENTIAL . 
BAG SAMPLER (PON OPC I » EAA)- 

CONOENSATION 
(CN) COUNTER 


CLOUO CONDENSATION 
NUCLEUS iCCN) COUNTER 



REAR 


ELECTRICAL AEROSOL 
ANALYZER (EAA) 

.INTEGRATING 
NEPHELOMETER 

ISOKINETIC 
PROBE 


STATIC 
PRESSURE 
TRANSDUCER 
SO l HEATED 

CHAMBER 

ISOKINETIC 

PUMP 

FRONT 


-PROBE FOR 
MANUAL 
BAG SAMPLE 


OPTICAL 

PARTICLE 

COUNTERS 

(opc i a a) 


(a) PLAN VIEW 



(b) SIDE VIEW 


FIGURE 2. Plan and Side Views of Aerosol Instru- 
mentation on the University of Washington's 
Research Aircraft. 
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0.01 to 65 ym In diameter over a concentration range of 10“ 6 to IQ 7 cm“ 3 , 
These instruments have been extensively modified in the laboratory at 
the University of Washington to provide optimum performance and they are 
regularly calibrated. A description of the CNC, EAA, and OPCs and their 
Installation in the B-23 has been given by Hobbs and others. 4 

The sampling system as show \ in Figure 2 is configured for measuring 
transient deviations in aerosols (such as those encountered in plumes or 
clouds). Consequently, air samples are taken in rapidly and automatically 
by a "grab-bag" sampling system. In addition to the grab-bag sampling 
(which is not completely isokinetic), an isokinetic sampling system is 
used. Both sampling systems condition the aerosol to a nearly constant 
relative humidity {<607 .) . [OPC I, EAA, and mass monitor sample is dried 
by a diffusion drier; OPC II and nepheloineter sample is drawn from the 
30 % heated chamber. ] 

A general index of the air pollution is obtained using an integrating 
nephelometer, 4 the automatic CNC, and an oscillating crystal mass 
monitor . : 

Since the major interests in this study were the concentrations of 
atmospheric IN and CCN, some modifications were made to expand the B-23 
capabilities in this portion of the instrumentation. An NCAR IN counter 
was installed aft of its usual location, allowing room for an operator. 

The Naval Weapons Center (NWC) Mee IN counter was Installed where normally 
the University of Washington automatic CCN counter is mounted. The 
automatic CCN counter was replaced with a manual NCAR CCN counter. In 
addition, a multi- filter manifold was added for measuring IN by the 
Milllpore filter method. The IN counters, the NCAR CCN counter, and the 
filters were calibrated in the laboratory prior to the flight. 3 


CLOUD PHYSICS INSTRUMENTATION 

The cloud physics instrumentation on the B-23 is designed to provide 
comprehensive measurements of the sizes, spatial distributions, and 
physical characteristics of solid and liquid cloud and precipitation 
particles. This Information is provided by seven different instruments: 

1. Data on solid hydrometer characteristics (e.g. crystal type, 
degree of rimming and aggregation) are provided by Impaction and Formvar 
plastic replication. 6 

2. Similar information for mm-size solid and liquid particles is 
provided by impact markings on the thin, metal foil of the foil sampler. 7 

3. The size spectra (concentration versus maximum particle dimen- 

sions) of cloud and precipitation particles over the size range 3 to 
4500 ym ate provided by three Particle Measuring Systems (PMS) laser 
probes. 8 Unlike the impaction devices the PMS data are processed and 
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displayed in real-time in the aircraft by the computer. Computed values 
of the effective radar reflectivity and precipitation rate (assuming 
spherical particles) are also calculated and displayed. 

4. Cloud liquid water content is measured directly by a hot-wire 
sensor (Johnson-Williams device) and is also computed from the PMS data. 

5. Ice crystal concentrations are measured by a laser depolarization 
device developed at the University of Washington. 

An overall view of the spatial distribution of precipitation is 
provided by a 5-cm gyrostablllzed weather radar. 

The specifications of all the instrumentation for the aircraft is 
given in Appendix A (some of the instrumentation listed was not aboard 
during this experiment) , 


MEASUREMENTS , RESULTS, AND DISCUSSION 


Descriptions of all of the flights for this project are given In 
Table 1. During portions of the ferry and project flights, measurements 
were made of the ambient aerosol. These measurements illustrate both 
the capabilities of the research system aboard the B-23 and provide some 
information on the "background" aerosol over the Florida peninsula 
during periods when the region was experiencing a rather polluted northern 
continental air mass. A few measurements were also made in the smoke 
plumes from a number of brush fires in the area of KSC. 


AEROSOL PARTICLE AND CCN MEASUREMENTS 

Figure 3 shows the aerosol size distribution near Ft. Collins on 15 
March 1978 taken during the test flight of the NCAR and Mee IN counters. 
Sampling at 800 m above ground level (AGL) (777 mb), the total particle 
concentration was rather high ('-lO 6 cm~ 3 ), indicating the presence of 
either fresh anthropogenic aerosol or gas-to-particle conversion products. 
However, particle concentrations decreased rapidly with increasing 
particle size. The rather good visibility which was observed is reflected 
in the low concentrations of 0.1 to 1 Urn particles. The large expanse 
of exposed soil in the area produced significant numbers of particles as 
large as ~8 urn in diameter (strong northerly winds and dust devils were 
observed during the flight). 

On the flight from Little Rock to Patrick AFB on 16 March 1978 
measurements were taken near Little Rock at an altitude of 500 m AGL 
(957 mb) in visually polluted air. Figure 4 shows that the concentrations 
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TABLE 1. B-23 Flight: Operations. 


Date 

Destination 

Mission 

13 torch 1978 

Ft. Collins, Colo. 

Ferry aircraft from Seattle. 

15 March 1978 

Loveland, Colo. 

Test flight to cheek out NCAP, 
and Mee IN counters (Installed 
in Ft. Collins) . 

15 March 1978 

Little Rock, Ark. 

Ferry aircraft from Loveland. 

16 March 1978 

Patrick AFB, Fla. 

Ferry aircraft from Little Rock. 
Heavily polluted air mass, some 
an route sampling. 

17 March 1978 

Patrick AFB, Fla. 

Pre-launch test flight. Inter- 
esting "background" data taken 
as well as samples from brush 
fire plumes. 

23 torch 1978 

Patrick AFB, Fla. 

"Background" aerosol data In 
vicinity of KSC. 

24 March 1978 

Boulder, Colo. 

Ferry from Patrick AFB. 
Instruments returned to 
NCAR and NWC. 

25 March 1978 

Seattle, Wash. 

Ferry from Boulder, Colo. 
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of the particles In the optically important size range (0.1 to 1 ura) 
were more than 2 orders of magnitude greater than those measured at Ft. 
Collins, hut the larger mieron-alzed particles were present in concen- 
trations similar to those measured at Ft. Collins. 


hater on 16 March 1978 (1328 EST) , approaching Patrick AFB in 
bright, midday sunshine, the particle measurements made at 2,000 m AGL 
(787 mb) show possible effects of photochemistry (Figure 5). The concen- 
trations of the smallest aerosol C" 10~" urn) were an order of magnitude 
greater than those measured near Little Rock, but the size distribution 
of the remainder of the aerosol was similar to that measured at Little 
Rock. The larger concentrations of the IQ” 2 um particles may have been 
due to gns-to-particle conversion in air, rich In trace gases, flowing 
from the northwest across the continental United States (Figure 6). 


One of the characteristics of such a polluted, aged air mass can be 
seen in Figure 7 where the data from Figure 5 are r^plotted as a particle 
volume distribution. It can be seen that this plot Is distinctly 
trlmodal' Such a distribution is normally interpreted as follows: the 

particles in the smallest size mode (0.01 to 0.1 pm) represent particle 
production by either gas- to-par tide conversion or by fresh high- temperature 
combustion processes; the particles in the middle size mode (0.1 to 
1 urn, often called the "accumulation mode") are a mixture of long-lived, 
directly-emitted particles and the coagulation products of smaller 
particles, and the particles in the large size mode (>1 um, called the 
"coarse particle mode") are mostly short-lived aerosol produced directly 
from the earth's surface by mechanical processes. 


The following day (17 March 1978), while practicing aircraft pre- 
launch procedures in the vicinity of KSC, measurements were taken in the 
same polluted air mass that was sampled on 16 March as well as in smoke 
plumes from brush fires. The size distributions of the aerosol samples 
from the polluted air mass (Figures 8 and 9) taken at 1,000 m AGL (917 mb) 
are similar to the measurements taken on 16 March. Measurements of the 
CGN concentrations from the polluted air mass on 17 March are shown in 
Figure 10. The CCN measurements were fitted to an expression of the 
form: 


N - cS k 

where N is the CCN concentration (cm -9 ), c and k are empirical constants, 
and S the supersaturation in percent. For the measurements shown in 
Figure 10 the values of c and k were 3,000 cm" 3 and 1.1, respectively. 
These values are typical for measurements In polluted air masses in the 
eastern United States as reported by Radke and Hobbs, 9 The remainder of 
the GCN data are given in Table 2, The CCN concentration reported here 
are greater than those measured in background air at KSC in August, 
September 1977. 1 
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AGL Northwest of the Kennedy 
Space Center. 
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TABLE 2. CCN Data. 


16 March 1978 


17 March 1978 


Flight to 

Patrick AFB 

Flight at KSC 


Time 

S 

N 

£ 

Time 

s a 

N 


(EST) 

(%) 

(cm -3 ) 

Remarks 

(EST) 

(%) 

(cm -3 ) 

£ 

Remarks 

1309 

.21 

1680 

Free-stream 

1544 

.23 

1350 

Free-stream 

1310 

.23 

1650 

Free-stream 

1548 

.40 

1390 

Free-stream 

1320 

.22 

1090 

Free-stream 

1553 

. 56 

2140 

Free-stream 

1324 

.31 

0396 

Bag 

1617 

.23 

0660 

Ba g C c 

1327 

.57 

0264 

Free-stream 

1618 

.40 

0825 

Free-stream 

1330 

.70 

0429 

Free-stream 

1620 

.56 

1848 

Free-stream 0 

1333 

.58 

0495 

Free-stream 

1628 

.46 

2310 

Free-stream 

1336 

.38 

0363 

Free-stream 





1338 

.26 

0561 

Free-stream 





1355 

.20 

0561 

Free-stream 





1357 

.21 

0396 

Free-stream 





1401 

.40 

0495 

Free-stream 





1405 

.58 

1390 

Free-stream 





1414 

.39 

0462 

Free-stream 





1408 

.38 

2010 

Free-stream 





1422 

.40 

1980 

Free-stream 






^ S means supersaturation with respect to water. 

Free-stream sample means the CCN instrument was sampling outside 
air, bag sample means outside air was grab-sampled with a bag and then 
monitored with the instrument. 
e Plotted in Figure 10. 
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MeasuremenCs In the smoke plumes from brush fires on 17 March were 
made also at 1,000 m altitude. A typical set of measurements from the 
Integrating nephelometar and from the rate meter on OPC I Is shown in 
Figure 11. The measured particle size distribution for this smoke 
sample (Figure 12) shows that the concentrations of particles 0.3 to 
1 ym in size were about an order of magnitude greater than in the "back- 
ground" air (see Figure 8) and that particles ~10“ z ym in diameter were 
also present in large concentrations. Such high concentrations of 10 -2 ym 
particles are somewhat surprising from a presumably low- temperature 
fire. However, as we have previously observed in smokes from woody, 
biomass fires, most of the aerosol volume (mass) is contained in the 
accumulation mode. The measurements on 17 March (Figure 13) are con- 
sistent with this observation. 

During our stay in Florida we made no cloud particle measurements. 
However, to demonstrate the B-23 capabilities in this area, Figure 14 
illustrates the cloud particle size distribution measured in a precip- 
itating, marine cumulus near Seattle. 


IN MEASUREMENTS 

Airborne measurements of 17 and 23 March and ground measurements of 
22 March from the membrane filters are summarized in Table 3. Measure- 
ments were made at -20, -16, and -12G at a supersaturation (with respect 
to water) of approximately 6%. Similar concentrations were obtained with 
both the Sartorlus and Milllpore filters, 

Figures 15 and 16 show the counts plotted as a function of temper- 
ature. The IN activity dropped only an order of magnitude from -20 to 
-12C (ordinarily a change of 2 orders of magnitude would be expected, 
but the validity of the rule on which this assumption is based is not 
well founded) . The IN concentration reported in Figures 15 and 16 are 
consistent with IN concentrations measured in background air at KSC in 
August, September 1977. 1 

The counts were relatively high for a number of samples; in fact, 
they are not much lower than ice crystal concentrations observed on FACE 
(Florida Area Cumulus Experiment) by Sax. 10 The low counts of 17 March 
were collected in air over land, while the high counts of 22 March were 
taken on the ground near the beach in a steady breeze from the ocean. 

The 23 March samples (Figure 16) show both high and low counts. Further 
analysis may reveal that these relate to the altitudes at which the 
samples were obtained and to the source of the air (over land versus 
over water) . 


Figures 17 and 18 show a comparison of the filter counts with those 
from the NCAR and Mee counters (continuous counts) . The 23 March filter 
counts are in good agreement with the continuous counts, even on an 
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ORTE- 40578 TIME* 152350 TO 152408 LT 



FIGURE 14. An Example of the cloud particle 
Size Distrlbut n Measured With PMS Probes 
in a Precipi ci . ' Maritime Cumulus Cloud 
Near Seattle. 
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TABLE 3. Florida Membrane Filter Data 
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absolute basis, However, in the 17 March data, the filter counts are 
much lower than those from the NCAR counter, In this flight only four 
parallel filter samples were taken for the entire period, resulting in 
large sample volumes and the possibility that some of the nuclei may 
have been suppressed by the concurrently collected aerosol particles. 

The fact that both the highest and lowest counts were from the smallest 
volume appears to discount the possible adverse effect of large sample 
volume (see Table 3). Further, during Project FACE, hundreds of membrane 
filter samples were taken over the peninsula and these Invariably gave 
much lower counts than the NCAR counter. It can be speculated that for 
the 17 March sampling over land, the NCAR counter was not influenced by 
the apparent ’’suppression effect" as was the membrane filter. 

Using Figure 17, the counts from the NCAR and Mee instruments can be 
compared. During the early part of the flights, the two instruments gave 
similar counts, but as the flights progressed, the Mee counts became 
lower than the NCAR counts. An examination cc the operating variables 
of the Mee counter (given in Table 4) may explain this decrease, The 
chamber temperature (T sum p) remained constant throughout the flight 
(except when it was cooling), but the inlet air temperature (Ti n i et ) 
decreased significantly. When T£ niat was high, the trigger level also 
had to be set high to avoid counting cloud droplets. When T^ n j_ e t was 
low, the trigger level could be set low and net count droplets. This 
indicates that the moisture content of the cloud decreased with decreas- 
ing T t j_ n ^ et; . A decrease in moisture would have inhibited ice crystal 
formation and growth and would have led to suppressed IN counts in the 
Mee counter. 

A few tests with the NCAR IN counter were performed on the ground 
at Patrick AFB. The IN counter remained in the aircraft. Milligram- 
sized pieces of Shuttle solid propellant were burned in a small container. 
Very little activity at -20C was observed in contrast to the tests at 
Colorado State University. 3 Recently similar pieces were tested at the 
NCAR. Some pieces showed a lack of activity and some showed considerable 
activity. Clearly, much more research should be carried out in the 
laboratory on the properties of the propellant as a source of IN. 


CONCLUSIONS 


The airborne measurement facility was used to obtain aerosol particle 
sizes and concentrations at Ft. Collins, Little Rock, and in the vicinity 
of Kennedy Space Center (KSC); IN and CCN measurements were made in the 
vicinity of KSC. Significant differences in particle concentrations 
were measured between clean air over Ft. Collins and considerably dirtier 
air over Little Rock and KSC. The air mass over KSC originated in the 
high plains region 3 days earlier. The air over Ft. Collins was probably 
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representative of Che air in Che high plains region and became Increasingly 
dlrcier as lc flowed south-eastward coward KSC due Co numerous sources 
of natural and man-made parcleles. The CCN measurements ac KSC were 
Cyplcnl of pollucad eascern seaboard air. The CCN concentrations were 
grencer chan Che CCN concancra cions ob coined KSC in August, September 
1977. 


IN concentrations were measured using NCAR and Mee portable IN 
counters and filter devices. The data from Che NCAR and filter devices 
correlated satisfactorily, The data from the NCAR and Mee counters 
correlated satisfactorily until the Mee counter Inlet air cooled 
significantly. The concentrations of IN detected with the filters are 
similar to concentrations measured at KSC in August, September 1977. 
Filter derived IN concentrations reported here were systematically lower 
over Che land and higher over the sea. This difference in IN concentra- 
tions may be related to the source of the air and warrants further 
investigation. 
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Appendix A 

SPECIFICATIONS OF RESEARCH INSTRUMENTS ON 
THE B-23 AIRCRAFT 
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